S tress is a popular topic these days. There is seldom a week that will pass by without one hearing or reading about stress and its deleterious effects on health. In popular terms, stress is defined mainly as time pressure. We feel stressed when we do not have the time to perform the tasks we want to perform within a given period of time. This time pressure usually triggers a set of physiological reactions that give us the indication that we are stressed. Although this definition is certainly accurate in terms of one component of the stress response, it is important to acknowledge that, in scientific terms, stress is not equivalent to time pressure. If this were true, everyone would feel stressed when pressured by time. However, we all know people who are extremely stressed by time pressure, and others who are actually seeking time pressure to perform adequately (so-called procrastinators). This shows that stress is a highly individual experience that does not depend on a particular event such as time pressure, but rather it depends on specific psychological determinants that trigger a stress response.
Many studies now show that there are 4 characteristics of a situation that will trigger a stress response in humans, defined as the acute secretion of catecholamines (adrenaline and noradrenaline) and glucocorticoids, the 2 major stress hormones. These characteristics are novelty, unpredictability, threat to survival or the ego, and a low sense of control. Therefore, when a situation comprises one or more of these characteristics, it will induce an increase of stress hormones. These stress hormones access the brain through various routes and modulate memory so that emotional events are better remembered than neutral events, ensuring survival of the species. What is important to note in this context is that this complex set of interactions between the environment and the brain makes it possible to dissociate effects that are related to perception of stress, in contrast to perception of emotions.
Indeed, although many will consider that a stress is the same as an emotion, this is not the case. However, emotion and stress share many characteristics. A stressful experience will often cause a particular emotion (for example, surprise, fear, and joy), and particular emotions can create stressful situations (for example, blushing, owing to extreme timidity, can cause a stressful situation for a person). Moreover, an emotion possesses many of the properties of a stressor. First, it often has an identifiable source. Second, it is usually brief and leads to an intense and conscious experience of short duration. Finally, an emotion creates bodily reactions (for example, increase in heart rate and perspiration) that are similar to those induced by a stressor, and both states act by increasing arousal. Because of these similarities between emotion and stress, most of the literature on emotion, stress, and memory intermixes the effects of emotion and those of stress on memory function. However, emotion and stress are 2 different entities. Although a stressful experience will almost always trigger a specific emotion, a particular emotion does not always elicit a stress reaction. As far as laboratory setting is concerned, emotion and stress differ in the way they are induced, and thus in the way they influence memory in humans. Hence, emotions are usually induced by the presentation of emotional words, films, or pictures, while stress is usually induced by putting a person in a social situation known to create a stress (for example, a public speaking task). Because of this important difference between the experimental paradigms used to measure the effects of emotion and stress on memory, different questions have been asked. Induction of emotion has been used to measure memory for emotionally arousing events, while induction of stress has been used to measure the specific effects of stress on subsequent memory function.
In previous years, most of the effects of stress and emotion on the brain and cognitive processing were delineated using psychopharmacologic protocols with administration of exogenous stress hormones or with behavioural designs using presentation of highly emotional stimuli or exposure to stress and measure of effects on memory. However, in recent years, the development of brain imaging technologies has made possible the direct visualization of the effects of stress and emotions on patterns of brain activation. Currently, a sufficient number of papers have been published that can allow for a summary of the effects of both stress and emotion on the brain.
In this issue's first In Review paper, Ms Katarina Dedovic, Ms Catherine D'Aguiar, and Dr Jens C Pruessner 1 summarize the studies that assessed the impact of stress on patterns of brain activation. Here, a distinction is made between the different tasks that were used to induce a stress response while participants lie in the scanner, because different tasks seem to activate different regions of the brain. The main conclusion presented by Dedovic et al 1 is that there is a special involvement of neural activity in the anterior cingulate cortex (ACC) and orbitofrontal regions during stress. Reduced cerebral blood flow (CBF) in the orbitofrontal and hippocampal regions is generally reported in response to stress, while different changes in patterns of activation of the ACC seem dependent on the task used.
In the second In Review paper, Dr Anda H van Stegeren 2 summarizes the studies that assessed the patterns of neural changes associated with memory for emotional information. Interestingly, results from these studies also show the role of the ACC and other parts of the prefrontal cortex during perception and encoding of arousing material. This result is in line with data presented by Dedovic et al 1 on the role of the ACC in the perception of stress. However, what distinguishes the effects of stress from those of emotions in these 2 reviews is a specific association between amygdala activation and processing of emotional information in the case of negative emotions. The only few studies that assessed the effects of stress or exogenous administration of synthetic glucocorticoids on memory performance while participants are in the scanner report a specific, reduced CBF in the medial temporal lobe after cortisone treatment that is associated with poorer retrieval performance.
Clearly, there seems to be a complex network of brain structures involved in the processing of both stressful and emotional information. We are just at the beginning of a new era, during which we will be able to directly visualize brains under stress or strong emotions. Data obtained from previous psychopharmacologic studies should be helpful in allowing us to delineate the brain structures involved in these 2 complex states. But more importantly, new techniques in neuroimaging should allow us in the near future to also determine the direct and indirect links that makes a stressful encounter highly emotional, and a good emotion . . . not stressful at all!
